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(57) Abstract: Specially designed non-mammalian GnRH analog decapeptides resistant to degradation by the placental enzyme, 
C-ase-1, or a post-proline peptidase, are disclosed. The GnRH analogs are further defined as analogs of Chicken D GnRH or Salmon 
GnRH. These non-mammalian analogs incorporate D-arginine, D-leucine, D-tBu-Serine or D-TYp at position 6 and ethylamide or 
aza-Gly-amide at position 10. The D-Arg (6) - Chicken D GnRH - ethylamide, D-Arg (6) - Chicken II GnRH-aza-Gly (lO)-arnide, the 
D-Arg (6) - Salmon GnRH ethylamide, and D-Arg (6) - Salmon GnRH-aza-Gly (lO)-amide analogs are also provided, and demon- 
strate preferential binding to chorionic GnRH receptor that is greater relative to the binding of these analogs to pituitary GnRH 
receptor. These non-mammalian GnRH analogs may be used in pharmaceutical preparations, and specifically in various treatment 
methods as a contraceptive or post-coital contraceptive agent The non-mammalian GnRH analogs are also provided in pharmaceu- 
tical preparations that may be used clinically for maintaining pregnancy when used in very low doses and administered in pulsatile 
fashion. In another aspect, the non-mammalian GnRH analogs may be used as luteolytic agents. The aza-Gly (10) amide non-mam- 
malian analogs are yet other embodiments of the non-mammalian GnRH analogs provided as a part of the invention. 
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Title: Non-Mammalian GnRH Analogs and Uses Thereof in Regulation of 

Fertility and Pregnancy 

5 

FIELD OF THE INVENTION 

The present invention relates generally to the field of regulating fertility and 
parturition. More particularly, it concerns the use of unique non-mammalian peptide 

10 hormone analogs of GnRH designed to be useful in fertility regulation, post-coital 
contraception and as a menses-inducing agent. 

BACKGROUND OF THE INVENTION 
Before the chemical characterization of the mammalian hypothalamic GnRH, it 
was realized that hypothalamic substances regulated production of pituitary LH and 

1 5 FSH 1 . Current contraceptive methods are centered on the existing knowledge of GnRH- 
gonadotropin-ovarian physiology. 

The delineation of mammalian GnRH made possible the ability to create methods 
to detect and quantify this molecule. The human placenta and the chorionic membranes 
have also been observed to contain a GnRH-like substance. 3 The present investigator has 

20 recently localized, quantified and demonstrated the synthesis of a GnRH-like substance 
by the human placenta. 4 " 7 

The concentration of immunoreactive GnRH-like material in the placenta and 
maternal blood has been found to vary with gestational age, following a pattern similar 
to that of hCG. 8 * 9 It was also demonstrated that exogenous synthetic mammalian GnRH 

25 can stimulate hCG production from human placental explants in vitro 10,11 , and that the 
GnRH stimulation of hCG release was a receptor mediated event, since it was specific 
and could be inhibited by a GnRH antagonist, [N-Ac-Pro^D-p-Cl-Phe^D-NaKZ) 36 ]- 
GnRH 12 . In additional to the inhibition of hCG, progesterone production was dramatically 
suppressed. The present investigator also observed that hCG response was related to the 

30 gestational age of the placenta. 13 In addition, a gestational age-related action of the GnRH 
antagonist on the release of hCG and steroids was observed, 14 Further studies 
demonstrated a potent action of GnRH on placental prostanoids, 1516 again resulting in 
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their inhibition when endogenous chorionic GnRH was the highest. The GnRH 
antagonist also inhibited basal prostaglandin production with greater potency than 
equimolar concentrations of GnRH, and this action was partially conserved by 
mammalian GnRH. 17 A chorionic GnRH was identified by the present investigator to 
5 regulate hCG in a paracrine fashion withing the human placenta. 18 21 These data 
demonstrated that this paracrine axis is of physiologic significance in cell to cell 
communication, and not of inconsequential, ectopic, tumor production. 

Studies of other investigators have reported on the actions of mammalian GnRH 
on placental function. The chorionic GnRH axis has also been identified as having an 

10 observed feedback interaction for activin, inhibin, follistatin 22 ' 26 , neurotransmitter 27 * 30 , 
prostaglandin 31 ' 32 and steroids. 29 33 39 These and other studies established the presence of 
this paracrine axis, including a negative feedback loop for progesterone and estrogen, 
similar to that of the hypothalamic-pituitary-gonadal axis. This placental axis, multiple 
- paracrine axes for GnRH and other hypothalamic-like releasing and inhibiting activities 

15 have now been defined in the placenta, eye, pancreas, ovary, brain, bone, etc., and are 
now recognized as essential to normal physiologic functions. 4(M3 

Recent studies have led to the isolation and characterization of a GnRH gene in 
the placenta, which is identical to that in the hypothalamus with the exception of the 
inclusion of the first intron and a very long first exon. 44 ~ 46 The message has been " 

20 localized to the syncytio- and 

cytotrophoblast, 47 as well as the stroma of the placenta, 48 and is present in higher 
concentrations 

during the first half of pregnancy. Multiple transcription sites have been identified for 
the GnRH 

25 gene in reproductive tissues, including the placenta. 49 ~ 51 Steroid regulatory sites on the 
promoter have also been identified. 52 " 53 The functionality of this promoter is supported 
by showing that GnRH mRNA can be regulated by steroids. 54 ' 57 

It has previously been accepted that only non-mammalian vertebrates have 
multiple forms of GnRH in the same species. However, Dellovad, et al. 79 and in 1994, 

30 King et al. 80 have described Chicken II GnRH in shew, mole and bat brain, thus 
demonstrating that two different isomers of GnRH existed in the mammal. Even then, 
it was still thought that in modern placental mammalian species, the existence of different 
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GnRHs did not occur. Therefore, the hypothesis of more than one form of GnRH in the 
human placenta was considered dubious. Chicken II GnRH has now been characterized 
in the guinea pig 82 and in the human brain. 83 Separate genes for Chicken II GnRH and 
mammalian GnRH have also been described. 84,85 
5 The GnRH receptor in the placenta has not been characterized as fully as the 

GnRH receptor in the pituitary. 9091 It is known that two populations of placental GnRH 
receptors exist, one having a Ka of 1 0* 9 M and the other with a significantly lower affinity 
of 1 0' 7 M. In addition, superagonist or antagonist for the pituitary GnRH receptor shows 
very different affinity for the placental receptor. 92 * 93 Other isomers of GnRH, such as 

1 0 salmon GnRH and Chicken II GnRH, have a much greater affinity for the placental 
receptor, yet bind with a lesser affinity to the human pituitary receptor. 93 These data 
demonstrate the existence of a specific placental receptor for GnRH-like molecules, yel 
the true ligand for this receptor is not known. 

In amphibians, a Chicken II GnRH receptor as well as a mammalian GnRH 

1 5 receptor has been shown. The specificity and evolutionary aspects of the GnRH receptor 
has been studied in many species. Mammalian GnRH has been reported to be active in 
many vertebrate classes. Other GnRHs, such as Chicken II GnRH and salmon GnRH, 
have reduced affinity for the mammalian pituitary receptor. 

GnRH receptor activity, as well as the mRNA for the GnRH receptor, varies 

20 throughout gestation in the human placenta. 94 * 95 The receptor is greatest in early gestation 
and appears to be down regulated by 1 2-20 weeks. While the receptor is again detectable 
in term placentas, 94 the mRNA (using a GnRH decapeptide probe and in situ 
hybridization methodology) was undetectable at this state of gestation. 95 This pattern of 
receptor activity is consistent with the concentration of GnRH-like material in placental 

25 tissue 8 and maternal blood 4 throughout gestation, and supports the hypothesis that 
chorionic GnRH may down-regulate its chorionic receptors, as can mammalian GnRH, 
and its analogs at the pituitary level. Studies by the present investigator 1217 and those of 
Barnea et al 96 , have demonstrated competitive inhibition by GnRH antagonist. Other 
studies of Szilagyi et al. 97 and Currie et al. 98 indicate that pituitary GnRH agonist can 

30 down-regulate the placental GnRH receptor. In addition, the demonstration that the 
placental GnRH receptor can be up regulated in cell cultures by estradiol supports the 
hypothesis that this receptor is functional in the regulation of placental homongenesis. 96,99 
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Another factor that regulates a hormone' s activity is its metabolism. The enzyme 
that degrades GnRH differs during pregnancy from the enzyme that degrades GnRH in 
the pituitary or the blood of non-pregnant individuals. In placental tissue, the primary 
enzymatic activity for the degradation of GnRH is chorionic peptidase- 1 (C-ase-1), a 
5 post-proline peptidase. ,00J01 C-ase-1 is a glycoprotein with a molecular weight of 
60,000. It acts as a post-proline peptidase, and is inhibited by bacitracin, para-amino- 
benzamidine, acetopyruvate and certain cations. 100 GnRH is actively degraded by C-ase- 1 
at neutral pH, having a Km of 1 0" 8 M 102 . Using immunofluorescent methodology, C-ase- 1 
has been localized by the present inventor in the cytoplasm of the syncytiotrophoblast 

1 0 and syncytial buds. It is secreted into maternal blood, where GnRH is not stable without 
specific inhibitors of this post-proline peptidase. 103 C-ase-1 is present in very high 
concentrations, and accounts for virtually all GnRH degrading activity in the placenta 
under physiological conditions. 

These in vitro studies support the hypothesis of the specific, receptor-mediated 

15 and enzyme-regulated action of mammalian GnRH on placental hormonogenesis, and * 
demonstrate the paracrine effects and feedback interactions for numerous intrauterine 
hormones interacting with chorionic GnRH. Further studies on the action of mammalian 
GnRH and its analogs in vivo have also demonstrated these paracrine interactions for 
chorionic GnRH-like activity and numerous other chorionic hormones, 107,108 and have 1 

20 established the physiologic role of GnRH in the maintenance of normal pregnancy. 

Recent studies demonstrate that the number of GnRH receptors and mRNA for 
the GnRH receptor in the placenta varies in a pattern similar to that of hCG. 47,95 Other 
investigators have shown steroid responsive elements in the placental GnRH gene, 53 
providing further evidence for the physiologic regulation of placental GnRH-like activity. 

25 Petraglia et al. 1 10 has described the pulsatile release of a GnRH-like substance, which has 
a specific pulse frequency, amplitude and duration, with increased amplitude during early 
gestation. Other investigators using Rhesus monkey embryos have demonstrated the 
secretion of a GnRH-like substance by the peri-implantation embryo, which precedes the 
secretion of chorionic gonadotropin. 111 

30 Other investigators have shown that administration of high doses of mammalian 

GnRH, its agonistic analogs or antibodies, to pregnant baboons and monkeys effects a 
sharp decrease of CG production and progesterone, which in most cases leads to 
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termination of pregnancy . n6 " 122 Interruption of pregnancy was most consistently observed 
when these mammalian GnRH analogs were administered following implantation. In 
pregnant women, administration of low doses of mammalian GnRH does not 
significantly change circulating hCG. 12X124 However, this finding was dose and 
5 gestational age related l25 * l26 . 

A recent study of Devreker et al. 130 reports that the use of long-acting mammalian 
GnRH analogs in IVF, impaired the implantation rate. While these analogs have proven 
to be generally nontoxic, long-term chronic use has been associated with a hypo- 
estrogenic state. Accidental administration of mammalian GnRH analogs during early 
10 pregnancy has been reported, with varied outcomes. 131 Generally, pregnancy outcomes 
appeared unaffected, but increased cases of spontaneous abortion and pre-term labors 
have also been observed. The varied outcomes may reflect the different doses and 
protocols of administration of these mammalian GnRH analogs, as well as the different 
analogs employed. For analogs that can be rapidly metabolized by the chorionic tissues, 
15 little effect, if any, would be anticipated. In addition, the affinity for the placental 
receptor for many of these mammalian GnRH analogs is greatly reduced as compared to 
the pituitary receptor's affinity. In those case, little chorionic effect would be observed. 

SUMMARY OF THE INVENTION 
The present invention, in a general and overall sense, relates to novel 
20 pharmaceutical preparations that include non-mammalian gonadotropin releasing 
hormone (GnRH) analogs specifically designed to bind human chorionic GnRH receptor 
and ovarian GnRH receptors. These analogs are designed to be resistant to degradation 
by chorionic peptidase 1 (C-ase-1). C-ase-1 has been found to specifically and very 
actively degrade GnRH in chorionic tissues and maternal blood. 
25 The non-mammalian GnRH analogs of the present invention may act either as a 

superagonist at the placental receptor leading to its down regulation, or as a pure 
antagonist of chorionic GnRH at the GnRH receptor. The down-regulation or 
antagonism of endogenous chorionic GnRH will provide for a reduction in human 
chorionic gonadotropin (hCG) production. This will also provide a reduction in ovarian 
30 and placental steroidogenesis. In addition, a direct ovarian luteolytic action may be 
expected to occur. If trophoblastic and/or ovarian function is jeopardized, premature 
luteolytic action might occur. If trophoblastic and/or ovarian fiinction is jeopardized, 
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premature luteolysis of the corpus luteum will occur and menses will ensue. Thus, such 
an agent may be used as a post-coital, luteolytic agent, leading to the induction of 
menses. Until now, no such GnRH analog has been found to be active during pregnancy 
or at the ovary. 

5 The inventor has designed non-mammalian GnRH analogs that are active as 

luteolytic, menses-inducing agents and/or post-coital contraceptives. The chorionic 
receptor binding activity of these particularly designed non-mammalian GnRH analogs 
has also been characterized in the development of the present analogs. The analogs of 
the invention may be further defined as resistant to enzymatic degradation by C-ase-1 . 

10 The agonist and antagonists with the greatest receptor affinity and tissue stability are 
expected to effectively inhibit hCG and progesterone release from human placenta. The 
non-mammalian GnRH analogs of the invention may be used to inhibit placental 
production of hCG, and have a direct effect on steroidogenesis at the ovary. This 
physiological effect of the analogs may thus be used to induce luteolysis and menses'- 

15 induction. 

In one aspect, the invention provides methods of synthesizing analogs of non- 
mammalian GnRH having increased activity in the chorionic tissues. Methods to inhibit 
hCG production by placental tissues, that in turn provide a reduction of ovarian and 
placental steroidogenesis, i.e., luteolysis and menses-induction, are provided in another 
20 aspect of the present invention. The use of these analogs directly on the ovary is yet 
another particular embodiment of the invention. The analogs of the invention may be 
used in pharmaceutical preparations as a menses-regulating agent, a contraceptive, or as 
an abortifacient. 

Non-mammalian chorionic GnRH analogs that are superagonist or antagonists at 
25 the trophoblastic/placental level constitute yet other embodiments of the invention. Such 
a non-mammalian analog would provide for the inhibition of steroidogenesis during 
pregnancy, acting both as an anti-chorionic and anti-luteal agent by inhibiting 
steroidogenesis leading to menses induction. The chorionic GnRH analogs of the 
invention thus comprise peptides that are capable of specifically binding the chorionic 
30 and/or ovarian GnRH receptors with high affinity, are resistant to degradation by the C- 
ase- 1 and effect either a down-regulation of the chorionic GnRH receptor or act as a true 
antagonist, inhibiting hCG production and ovarian and placental steroidogenesis or 
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directly inhibiting ovarian steroidogenesis. In other embodiments, the invention 
comprises a Salmon or Chicken II GnRH sequence, which both show greater affinity for 
the placental receptor than mammalian GnRH, that are modified at the C-terminal. An 
cc-aza-Gly 10 -NH 2 substitution may be used, making the sequence more stable in chorionic 
5 tissues and maternal blood. In other embodiments the GnRH analog sequence is 
substituted at the 6-position with a D-Arg, or other D-amino acid. In yet other 
embodiments, both of these modifications are made to the GnRH analog peptide 
sequence. These modifications are expected to enhance the binding of the molecule, 
while at the same time inhibit any of the endopeptidases that are present in blood. These 
10 analogs are expected to have increased binding to the placental or ovarian receptor and 
increased metabolic stability. The placental receptor binding, placental metabolic 
degradation and the biological activity for hCG, progesterone and prostaglandin 
production was studied for each of these specially designed non-mammalian GnRH 
analogs, and compared to closely related pituitary mammalian GnRH analogs (Buserilin, 
15 typtolein, Leuprolide, etc). These studies demonstrated greater stability of the non- 
mammalian GnRH analogs, compared to the mammalian GnRH analogs examined. 

In other embodiments, the invention provides non-mammalian GnRH analogs 
with enhanced activity within the intrauterine tissues, as well as a method for regulating 
hCG production and thus progesterone production during pregnancy. These non- 
20 mammalian GnRH analogs may also have a direct action at the ovary. Luteolysis may 
be affected by a dual mechanism i.e., through inhibition of hCG and thus reduction of 
ovarian steroidogenesis and/or direct inhibition of ovarian steroidogenesis. 

It is envisioned that these analogs will be administered intra-nasally, orally 
intramuscularly or vaginally. However, virtually any mode of administration may be 
25 used in the practice of the invention. Treatment with these analogs may require one to 
three days of active non-mammalian GnRH analog when used as a post-coital 
contraceptive. As a monthly contraceptive, the placebo is envisioned to start on the first 
day of menses and continue for approximately 13 days, then the analog would be given 
days 13 through 28, or less when menses is induced. This could be repeated monthly. 
30 Numerous IVF protocols now routinely use mammalian GnRH analogs for 

ovulation timing and have been shown to be nontoxic, even after weeks of 
administration. Long-term therapies with mammalian GnRH analogs have been 
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associated with a Hypoestrogenic State, but in the envisioned modes of administration, 
exposure would not exceed three days to two weeks. The effect on the pituitary GnRH 
receptor is expected to be minimal with these non-mammalian GnRH analogs and with 
this short duration of treatment, the menstrual cycle may not be altered. Thus, the limited 

5 time of exposure in the late luteal phase and the specific receptor activity of these analogs 
make it less likely to interfere with reproductive cyclicity and/or normal physiology. The 
design of the present non-mammalian analogs considers the specific metabolism of 
GnRH during pregnancy. 

Another embodiment of the invention provides non-mammalian GnRH analogs 

1 0 that are resistant to degradation by C-ase- 1 . This analog will bind the chorionic GnRH 
receptor or non-mammalian GnRH with high affinity so to displace the endogenous 
GnRH-like activity and block its action. 

In another aspect, the invention provides more potent non-mammalian GnRH H 
analogs that will specifically bind to the placental and the ovarian GnRH receptor. In ^ 

1 5 addition, analogs will be provided that is stable in maternal circulation and in the blood ^ 
of non-pregnant individuals. It is also anticipated that these analogs will be biologically 
active in chorionic tissues and at the ovary in the regulation of hormonogenesis that will 
affect the maintenance of pregnancy and/or the receptivity of the uterus for implantation. 
Due to the specificity of these analogs and their relatively short half-life, the present 

20 invention provides non-mammalian GnRH analogs. 

Other proline-containing peptides compete for C-ase- 1 activity, such as 
angiotensin II, and to a lesser extent, thyrotrophin releasing hormone and reduced 
oxytocin. 100104 The existing mammalian GnRH analogs are also proline-containing 
molecules. Since human pituitary and blood contain an enzymatic activity that degrades 

25 GnRH at the 5-6 position, not at the 9 position, 103 the present non-mammalian GnRH 
analogs have been designed to inhibit the former enzymatic activities, and have 
substitutions in the 5-6 position of the molecule. The present analogs are therefore, 
resistant to degradation at the pituitary or in the blood of non-pregnant individuals, 105 but 
not the placenta or in maternal blood. Substitution of the Gly 10 -NH 2 with ethylamide, or 

30 the even more potent a-aza-Gly ,0 -NH 2 , inhibits degradation by post-proline peptidase. 106 
A number of the existing analogs also have an ethylamide substitution of Gly l0 -NH 2 . 
The stability of the present non-mammalian analogs in the presence of C-ase- 1 
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was also examined. The degradation of four of these analogs was examined using a 
competitive inhibition assay for GnRH by C-ase-1. While replacement of Gly'°-NH 2 
with ethylamide made each of these GnRH analogs more resistant to degradation, some 
of the analogs still effected a substantial competition with GnRH for C-ase-1 activity. 
5 Of four ethylamides studied, des-Gly 10 -GnRH-ethylamide, the des-Gly 10 , D-Leu 6 , D- 
Tvp 6 -GnRH-ethylamide, or Buserilin, each were potent inhibitors of GnRH degradation 
by C-ase- 1 . The less active an analog is as a competitor for GnRH degradation by C-ase- 
1, the more stable that analog will be in the chorionic tissues and in maternal blood. 
Thus, the existing mammalian GnRH analogs commonly used in medicine can be 
1 0 degraded in the chorionic tissues. 

The initial findings of inhibition can be explained by recognizing that the 
decapeptide sequences for mammalian GnRH and chorionic GnRH are not identical. 
Substantial data exists that the receptor and the chemical nature of chorionic GnRH are 
not identical to GnRH. Postulating that chorionic GnRH differs from the decapeptide, 
1 5 GnRH, and that there is a placental receptor specific for chorionic GnRH, explains the 
biphasic response of placental hormones. Mammalian GnRH acts as a partial agonist of 
chorionic GnRH. When receptors are available, it acts as an agonist of chorionic GnRH. 
When placental receptors are low or occupied, GnRH competes with the more potent 
chorionic GnRH resulting in an antagonistic action. 
20 GnRH-like substances have been found by the present inventor to be decreased 

at mid-pregnancy in women who later have pre-term labor, and increased in those with 
post term deliveries. In more recent studies, a GnRH binding substance has been 
demonstrated in their circulation and in these cases hCG was abnormally reduced and 
pregnancy loss was observed. Thus, the current studies of GnRH-like substance 
25 production during pregnancy indicate that chorionic GnRH is of significance to the 
maintenance of normal pregnancy. 

Mammalian GnRH analogs, Zoladex and Organon 30276, were administered to 
pregnant baboons via mini-pump on days 14 through 21 post ovulation. The hormonal 
release and pregnancy outcome was compared to saline treated controls. CG and 
30 progesterone decreased, and in most animals pregnancy outcomes were jeopardized. 
However, using this analog, abortions were not consistently effected, except for the 1 00 
mg - 7 day regiment of the Organon antagonist. Further studies with the new designed 



WO 01/28576 



PCT/US00/26574 



10 

chorionic GnRH analogs having enhanced receptor activity and chorionic stability 
promise to provide an even more potent action. In a dose-response saline-controlled 
study, a small stimulation of hCG in very early pregnancy was observed by the present 
inventor. However, an inhibition of hCG and progesterone was observed by 12 weeks 
5 of pregnancy when chorionic GnRH is maximal. 

The present inventor has found that certain non-mammalian GnRH analogs can 
act on the chorionic GnRH receptor, and with high affinity binding, affect changes in the 
intrauterine environment that effect the outcome of pregnancy. This finding is the basis 
of the invention disclosed herein. Thus, the present investigator has developed particular 

1 0 (non-mammalian) GnRH analogs that can be used for luteolysis and menstrual induction. 
The ability of specific (non-mammalian) GnRH analogs to interact with the physiologic 
regulation of hCG, progesterone and prostaglandin during luteal phase of the cycle and 
early pregnancy, may be used to specifically interrupt luteal function and early pregnancy 
according to the invention as outlined here. 

15 BRIEF DESCRIPTION OF DRAWINGS 

Figure 1. Action of Chick II-ethylarnide On Degradation of GnRH By C-ase-1 . 

• GnRH 0.00313 M,o GnRH 0.0625 M, V GnRH 0.0125 M, 0 GnRH 0.0250M 

GnRH was actively degraded by C-ase-1. This activity of C-ase-1 was inhibited 
by, 9 OH-Pro-GnRH, Lamprey, Chicken I-GnRH, Antide, Chicken II-GnRH and Salmon 

20 GnRH with a relative potency of 1.5, 1.5, 0.6, 0.6, 0.2 and 0.2, respectively to that for 
GnRH. Both Chicken II GnRH- 10 ethylamide and 6 Im-btl-D-His-GnRH 10 ethylamide 
were essentially inactive, i.e., O.001 inhibitory activity for GnRH. 
Figure 2, Competitive Placental Receptor Binding For GnRH Analogs With Labeled 
Chicken II Analog. 

25 * Buserilin V GnRH , o D-Arg-CII-EA 

GnRH was bound by the placental GnRH receptor with a K d of 1 0- 6 M. Chicken 
II GnRH was similar to GnRH. The Kj for 6 Im-btl-D-His-GnRH- 10 ethylamide was half 
the potency of GnRH , while Buserilin and 6 D-Trp-GnRH- 10 ethylamide were twice as 
active as GnRH. The greatest potency, having a ¥^ of 3 non-mammalian, i.e. 33-fold 

30 more activity than GnRH . 

Figure 3. Effect of TRH on the Degradation of GnRH by C-ase-1 . 

• GnRH 1.000 M, o GnRH 0.500 M, V GnRH 0.250 M, 0 GnRH 0.125 M 
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Figure 4. Effect of Reduced Oxytocin on the Degradation of GnRH by C-ase-1 . 

• GnRH 0.050 M, o GnRH 0.0250 M, V GnRH 0.012 M, 0 GnRH 0.062 M 
Figure 5A and 5B. Action of Angiotensin II on Degradation of GnRH. 

5A • Angio 0.12 M, o Angio 0.25 M, V Angio 0.50 M, 0 Angio 1.000 M 
5 5B • GnRH 1.00 M, o GnRH 0.50 M, V GnRH 0.25 M, 0 GnRH 0.12 M 

Figure 6. Effect of des-Gly 10 - GnRH-ethylamide on Degradation of GnRH by C-ase- 1 . 

• GnRH 0.050 M, oGnRH 0.0250 M, V GnRH 0.012 M, 0 GnRH 0.062 M 

Figure 7. Effect of des-Gly l0 -Im-Btl-D-His 6 -GnRH-ethylamide on Degradation of 
GnRH by C-ase-1. 

10 • GnRH 0.0500 M, oGnRH 0.0250 M, V GnRH 0.012 M, 0 GnRH 0.0062 M 

DETAILED DESCRIPTION 
OF THE PREFERRED EMBODIMENTS 

Following long-standing patent law convention, the terms "a" and "an" mean 
"one or more" when used in this application, including the claims. 
15 For purposes of describing the present invention the chorion is described as the 

highly vascularized outer embryonic membrane that is associated with the allantois in the 
formation of the placenta. 

The following examples are included to demonstrate preferred embodiments of 
the invention. It should be appreciated by those of skill in the art that the techniques 
20 disclosed in the examples which follow represent techniques discovered by the inventor 
to function well in the practice of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in the art should, in light of the 
present disclosure, appreciate that many changes can be made in the specific 
embodiments which are disclosed and still obtain a tike or similar result without 
25 departing from the spirit and scope of the invention. 

EXAMPLE I - Design & Synthesis Of Chorionic GnRH Analogs 
The present example outlines how analogs of non-mammalian GnRH with 
increased activity in chorionic and ovarian tissues are synthesized. 

Existing mammalian GnRH analogs are designed for activity at the pituitary 
30 GnRH receptor and with extended stability in the circulation of non-pregnant individuals. 
Yet, the existing data indicate that the chorionic GnRH receptor differs from that in the 
pituitary. In addition, the degradation of GnRH is different during pregnancy. Therefore, 
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prior known pituitary mammalian GnRH analogs have not been designed for use during 
pregnancy, and potent non-mammalian GnRH analogs have not been designed for use 
during pregnancy. The present invention provides potent non-mammalian GnRH 
analogs. 

5 Method and Analysis: Non-mammalian analogs of GnRH were synthesized. 

They were specifically designed to prevent degradation of the analog both in the maternal 
circulation as well as within the intrauterine tissues. This allows for the maintenance of 
sufficient concentrations of analog to remain active when administered via the maternal 
system and to reach the intrauterine tissue. Due to the particular specificity of the 

10 placental receptor and specific peptidase in maternal blood and placental tissue, the 
particular analogs of the invention were designed. Analogs of the Salmon and Chicken 
II GnRH sequences, that both show greater affinity for the placental receptor than for the 
pituitary receptor, were modified to the oc-aza-Gly ,0 -NH 2 analog to make them resistant 
to degradation in the circulation and by C-ase-1 (chorionic GnRH analogs 1 and 2). The 

15 Chicken II GnRH sequence and the Salmon GnRH sequence were also modified at the 

6 position using D-Arg, making it resistant to degradation by the endopeptidase in blood, 

and was modified at the 10 position making it stable in maternal blood and the chorionic 

tissues (chorionic GnRH analogs 2 and 4). These analogs are expected to have increased 

binding to the placental receptor and increased metabolic stability. 

20 EXAMPLE II - Placental Receptor Binding Activity 

Placental Receptor Studies 

The placental receptor binding activity of the different non-mammalian GnRH 

analogs of the present invention were compared. The human placental GnRH receptor 

is distinct from that at the pituitary. Prior mammalian GnRH analogs have been designed 

25 to increase activity at the pituitary GnRH receptor and stability in the circulation of non- 
pregnant individuals. These analogs do not demonstrate potent binding activity at the 
placental receptor as they do at the pituitary receptor. The non-mammalian GnRH's has 
been designed to interact with preference at the placental receptor and not the pituitary 
receptor. They have also been designed to limit degradation by the chorionic enzyme, 

30 C-ase- 1 , present in maternal circulation as well as the placenta. Placental binding activity 
of the newly synthesized chorionic GnRH analogs have been compared to that for 
existing pituitary-active analogs of mammalian GnRH. 
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Method and Analysis: The newly synthesized non-mammalian GnRH analogs and 
other commercially available analogs were used in placental receptors binding and 
enzyme stability study described here. On the basis of these studies, the most receptor 
potent and most enzyme-stable analogs were chosen for further biopotency studies. 
5 GnRH receptors were purified from the membrane fractions from placentas. The 
purification procedure for the placental GnRH receptor was performed using a 
modification of the method described by Bramley et al. 94 , which reference is specifically 
incorporated herein by reference for the purpose. Addition of enzyme inhibitors for the 
endogenous C-ase-1 were used as well as agents for receptor stabilization. Initially, 
1 0 receptor-binding assays using 125 1-Buserilin as label were performed. The competitive 
binding of each of the analogs was studied over a dose range of 10'" to 10 6 M. 
Incubation was at room temperature and receptor bound label was precipitated with 
polyethyleneglycol. Specific and non-specific binding was determined. The data was 
subjected to Scatchard analysis. The non-mammalian analogs' ability to bind to the 
15 placental GnRH receptor was compared to that for synthetic mammalian GnRH, 
Buserilin and the newly synthesized non-mammalian GnRH analogs. The more potent 
analogs were then studied in homologous receptor assays using newly synthesized non- 
mammalian GnRH analog as the radioiodinated label. This way, the receptor affinity for 
that analog could be precisely determined. Receptors from three different term placentas 
20 were used to study each of these analogs. The most potent analogs were used for the C- 
ase-1 stability studies. These data enabled the inventor to predict the most potent non- 
mammalian GnRH analog structure for the placental GnRH receptor, and assisted in the 
design of even more potent analogs for the chorionic GnRH receptor. 

Example III - Placental Stability Studies 

25 f 

The present example demonstrated the utility of using the present invention in 

controlling and modulating the activity of the placenta, such as in a placenta of a 
pregnant mammal. 

Mammalian GnRH and its analogs bind to placental receptors. The present 
30 non-mammalian analogs had not been examined for placental receptor binding. 
However, the added stability of these non-mammalian analogs, would effect a substantial 
increase in bioactivity alone. Thus, both stability and binding studies were performed. 
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Chorionic Peptidase- 1 Stability Studies: The enzymatic degradation of the non- 
mammalian GnRH analogs were studied using the C-ase- 1 enzyme activity assay as well 
as whole placental homogenate assays. 

A chorionic peptidase activity that actively degrades GnRH in the placenta, 
5 named chorionic peptidase- 1 (C-ase- 1), was used. This enzyme acts as a post-proline 
peptidase, and is present in the placenta and in maternal circulation. In a non-pregnant 
individual very little post-proline peptidase activity is present in blood. Thus, currently 
available mammalian GnRH analogs have not been designed to be resistant to 
degradation by this activity. Non-mammalian GnRH analogs were designed with these 
10 specific criteria in mind. The stability of these non-mammalian GnRH analogs to the 
enzymatic activity of C-ase- 1 and in placental homogenate was examined. In addition, 
the ability of the analogs to competitively inhibit the degradation of GnRH by C-ase- 1 
was studied. 

Method and Analysis: The stability of most potent receptor-active non-~ 
15 mammalian GnRH analogs in the presence of C-ase- 1 and placental homogenate was 
identified. Using the incubation system developed for the C-ase- 1 activity, the 
degradation of each analog was tested. This method has previously been used by the 
investigator to determine the degradation of GnRH by C-ase- 1 (100). Each of these 
analogs was then studied for their ability to act as a competitive inhibitor of non- 
20 mammalian GnRH for C-ase- 1 activity. These studies were done using the C-ase- 1 
enzyme activity assay as described previously. In this assay, incubation of enzyme and 
mammalian GnRH with and without the chosen newly synthesized non-mammalian 
GnRH analog was studied. The reaction was stopped by heating, and the remaining 
mammalian GnRH substrate was quantified by radioimmunoassay. The product formed 
25 was calculated by subtraction, and its inverse plotted against the inverse of the original 
substrate concentrations to determine the nature of the competition. The was to be 
determined by plotting the inverse of the product that formed verses the inhibitor used. 

Studies using whole placental homogenates were performed. The enzymatic 
degradation of mammalian GnRH was studied as described above, replacing C-ase- 1 with 
30 placental homogenates. The competition by the newly synthesized non-mammalian 
GnRH analogs as compared to mammalian GnRH was then studied to confirm the C-ase- 
l studies above. Similar patterns of inhibition using placental extracts demonstrated the 
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dominance of the C-ase-1 activity in the degradation of GnRH during pregnancy. 

Although the enzyme competition system had already been developed, newly 
synthesized non-mammalian GnRH analogs have not been utilized in these systems. 
Previous data generated by the present inventor has demonstrated that the antiserum is 
5 specific for mammalian GnRH, thus reducing potential for cross-reaction of non- 
mammalian GnRH or its analogs in the assay used in these studies. 

EXAMPLE IV - Biological Activity Studies 
The hCG inhibiting activity of the chorionic GnRH analogs was studied using an 
in vitro human placental explant system. The present example demonstrates the utility 
1 0 of using the present non-mammalian analogs to regulate hCG levels in a mammal and in 
the regulation of pregnancy. 

The newly synthesized non-mammalian GnRH analogs are resistant to enzyme 
degradation and are potent binders of the placental GnRH receptor. Bio-potency was 
studied using a placental explant system, and by determining the release of hCG, 
1 5 progesterone and prostanoids. hCG is the luteotropin of pregnancy, and known to be 
critical to the maintenance of the corpus luteum during pregnancy. Thus, it is a primary 
parameter of interest. The production of progesterone by the placenta and the ovary is 
affected by hCG, as well as being independently regulated by a GnRH-like substance. 
Progesterone is primary to the maintenance of uterine quiescence and thus the 
20 maintenance of pregnancy, and therefore is of primary interest to these studies. Also, of 
interest is the effect of these GnRH analogs on prostaglandin production. Prostaglandins 
are required for abortifacient activity, and thus, the maintenance or increase in their 
production may be necessary for the proposed action of the analogs. 

Method and analysis: The biological activity of the newly synthesized non- 
25 mammalian GnRH analogs was studied using a static implant culture system. This 
system allows for inexpensive extended activity studies. Mammalian GnRH action on 
the human placenta release of hCG,' 3 progesterone" 2 and prostaglandins 15 were defined 
using this system. Replicate cultures were studied, thus allowing for comparison of 
different doses of each non-mammalian GnRH analog to mammalian GnRH, as well as 
30 direct competition assays. In these studies, the action of the most stable and receptor- 
active chorionic GnRH analogs on hCG, progesterone and prostaglandin E 2 were 
determined in the spent media using specific sensitive radioimmunoassays. These studies 
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were repeated using different human placentas. 

Using an in vitro system to define bio-potency is expected to be predictive of in 

vivo activity. In addition to placental action, these newly synthesized non-mammalian 

GnRH analogs are also expected to act directly at the corpus luteum to inhibit 

5 steroidogenesis. These analogs are also expected to be active at the ovarian level. 

EXAMPLE V - Inhibition Of Chorionic peptidase-1 (C-ase-1) 
Activity by Analogues of GnRH 

The present example demonstrates the isolation of an enzyme from human 

placentas, and the action of the enzyme as a post-proline peptidase. It actively degrades 

10 peptides, such as gonadotropin releasing hormone (GnRH), thyrotropin releasing 
hormone (TRH) and Angiotensin II (AGN-II). These peptides contain a proline residue 
enzyme, chorionic peptidase-1 (C-ase-1). 

The present example also defines enzyme inhibitors of C-ase-1 action on GnRH,. 
such that it might regulate GnRH concentrations within the intrauterine tissues. 

15 C-ase-1 enzyme activity studies were done by incubating GnRH with C-ase-1 in< 

the presence of varying concentrations of the non-mammalian GnRH analogs. The 
reaction was stopped by heating at 85°C for 10 minutes. The remaining GnRH was. 
determined using a specific radioimmunoassay. The formation of product, i.e., the N- 
terrninal nonapeptide of GnRH, was calculated by subtraction and its inverse was plotted 

20 versus the inverse of the initial substrate to determine the K s of the reaction. The 
inhibitory activity of Antide, 6 Im-btl-D-His-GnRH- 10 ethylamide, 9 OH-Prl-GnRH, 
Chicken II GnRH- 10 ethylamide, Chicken II GnRH, Chicken I GnRH, Salmon GnRH and 
Lamprey GnRH was studied. The relative potency of each analog was compared. 

GnRH was actively degraded by C-ase-1 . This activity of C-ase-1 was inhibited 

25 by, 9 OH-Pro-GnRH, Lamprey, Chicken I-GnRH, Antide, Chicken II-GnRH and Salmon 
GnRH with a relative potency of 1.5, 1.5, 0.6, 0.6, 0.2 and 0.2, respectively, compared 
to that for GnRH. Both Chicken II GnRH- 10 ethylamide and 6 lm-btl-D-His-GnRH 10 
ethylamide were essentially inactive, i.e., <0.001 inhibitory activity for GnRH. 

Chorionic peptidase- 1 , which is a post-proline peptidase with high specificity for 

30 the degradation of GnRH, can also degrade other GnRH species. The synthetic 
mammalian GnRH analogs such as antide are degraded with reduced activity, while other 
analogs such as Chicken II GnRH- 10 ethylamide and 6 Im-btl-D-His-GnRH 10 ethylamide 
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are resistant to degradation by this endogenous chorionic enzyme. These analogs will 
be useful in the regulation of chorionic GnRH activity. 

EXAMPLE VI - Comparison Of GnRH And Its Synthetic And 
Naturally Occurring Analogs For Binding Degradation 
5 Action in The Human Placental Receptor 

The human placental GnRH receptor shows different kinetic constants for GnRH 
compared to that of the pituitary receptor. The relative decreased potency of GnRH at 
the placental receptor, together with it rapid degradation in chorionic tissue, leads to 
question if it is indeed the active sequence for the chorionic receptor. 
10 Studies were designed to compare the human placental receptor activity for 

numerous synthetic and naturally occurring analogs. 

Receptor assays were performed by incubating human term placental GnRH 
receptors with varying concentrations of GnRH or its analogs in the presence of ,25 I- 
Buserilin. The reaction was stopped and the bound hormone precipitated with 
15 polyethylene glycol. Following centrifugation the receptor binding activity was 
calculated and compared for GnRH, 6 Im-btl-D-His-GnRH 10 ethylamide and 6 D-Trp- 
GnRH- 10 ethylamide, Chicken II-GnRH and Chicken II GnRH- 10 ethylamide. 
EXAMPLE VII - GnRH And Stability Thereof Id The Presence of C-ase-1 
GnRH was bound by the placental GnRH receptor with a K d of 10~ 6 M. Chicken 
20 II GnRH was similar to GnRH. The K d for - 6 Im-btl-D-His-GnRH 10 ethylamide was half 
the potency of GnRH, while Buserilin and 6 D-Trp-GnRH- 10 ethylamide were twice as 
active as GnRH. The greatest potency, having a K d of 30 nM, i.e. 33-fold more activity 
than GnRH. 

Fifteen GnRH analogs were examined for their stability in the presence of C-ase-1 
25 and placental homogenates. Using the incubation system developed for the C-ase-1 
activity, the degradation of each analog was studied. Previously, this method was used 
to determine the degradation of GnRH by C-ase-1. Each of these analogs was studied 
for their ability to act as competitive inhibitors of GnRH for C-ase-1 activity (Table 1). 
The inverse of the product was plotted against the inverse of the original substrate 
30 concentrations to determine Ks of the competition. The was determined by plotting 
the inverse of the product formed verses the inhibitor used. The placental homogenates 
studied, demonstrated a similar pattern having K< three-fold greater than that for C-ase- 1 . 
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OH-Pro(9)-GnRH and Lamprey GnRH were determined to be better competitors 
for GnRH degradation by C-ase-1 . They are as or even more potent than GnRH. Antide 
and Chicken I GnRH are three-fold less potent than GnRH, but two- fold more potent than 
the Salmon or Chicken II GnRHs defined here. The addition of the ethylamide to GnRH, 

5 with or without the D-Trp(6)-, D-Phe(6) substitution, decreased the competition with 
GnRH for C-ase-1 degradation, but not as markedly as did the Im-bzl-D-His(6) or 
Chicken II GnRH-ethylamides. Ethylamides of the latter two GnRHs were greater than 
200- fold less active in the inhibition of GnRH degradation by C-ase-1. Thus, these 
ethylamides appear to be very stable in the presence of the C-ase- 1 enzyme. The im-bzl- 

1 0 His(6) analog has reduced receptor potency. The stability of the D-Arg-(6)-Chicken II 
GnRHaza-Gly-amide was found to be at least 200-fold that of GnRH. 

The stability of these analogs in the present of whole placental homogenates was 
examined. The ethylamide derivative has a slowed degradation rate as compared to 
GnRH, but can be degraded. Chicken II and its ethylamide analog are more stable'than 

1 5 the mammalian GnRH analogs analyzed to date. 

Table 1. Inhibitor Constants For Analogs Of GnRH 



Analog of GnRH 


Ki-for C-asa-l(nM) 


Mammalian 


30 


Lamprey 


20 


Salmon 


300 


Chicken I 


- 80 


Chicken 11 


200 


Chicken II EA (10) 


130 


Chicken II D-Arg (6), aza-Gly (10) amide 


>200 


Salmon II D-Arg(6), aza-Gly(lO) amide 


200 


Mammalian D-Trp (6) 


20 


Mammalian EA (10) 


70 


Mammalian D-Trp (6), EA (10) 


60 


Mammalian D-Leu (6), EA (10) 


80 


Mammalian But-D-Ser (6), EA (10) 


110 


Mammalian im-bzl-D-His- (6), EA (10) 


>200 


Antide 


120 
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Bio-pendency Data 

The hCG inhibiting activity of the GnRH analogs was studied using an in vitro 
human placental explant system. The newly synthesized GnRH analogs are resistant to 
enzyme degradation and one potent binders of the placental receptor. The bio-potency 
was done with a placental explant system, and the release of hCG, progesterone and 
prostaglandin E 2 was assessed. hCG is the luteotropin of pregnancy and know to be 
important in the maintenance of the corpus luteum during pregnancy. The production of 
progesterone by the placenta is affected by hCG, and may be independently regulated by 
GnRH as well. Progesterone is primary to the maintenance of uterine quiescence and 
thus the maintenance of pregnancy. Of interest was the effect of these GnRH analogs on 
prostaglandin production. Prostaglandins are required for abortifacient activity. 

These studies were done using the D-Arg(6)-Chicken II GnRH-aza-Gly(lO)- 
amide analog. Three different placentas have been used for these studies and the data 
analysis of one of these placental culture sets is attached. 

An inhibition of hCG was observed with this analog regardless of the 
concentration of exogenous GnRH. The lower dose of analog was the most effective in 
this particular study. Progesterone response to this analog was similar to hCG. 

These data demonstrate the complexity of a system having multiple types of 
GnRH receptors. D-Arg(6)-Chicken II GnRH analog-NH 2 has bioactivity in the 
regulation of hCG and progesterone production in the human term placenta. 

These studies demonstrate the specific binding of GnRH analogs to the human 

GnRH placental receptor, which is unique from the pituitary receptor. The most potent 

analogs were Chicken II GnRH derivatives, particularly the D-Arg(6)-Chicken II GnRH- 

aza-Gly 10 NH 2 . This analog may be used in the regulation of chorionic GnRH activity. 

EXAMPLE VIII - NON-MAMMALIAN GnRH AND 
METHODS FOR MAINTAINING PREGNANCY 

The present example defines a method by which the present invention may be 

used to maintain pregnancy in a pregnant mammal. The mammal in some embodiments 

is a pregnant human. As a proposed dose regimen, it is anticipated that a pregnant female 

between 100 lbs and 150 lbs would be administered about 10 nanogram to 1.0 gram of 

Chicken II GnRH Analog or Salmon GnRH analog. This would be expected to be 

effective for promoting the maintenance of pregnancy in the mammal when administered. 
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In some embodiments, the dosing regimen will comprise a pulsatile 
administration of the Chicken II GnRH over a 24-hour period, wherein the daily dosage 
is administered in relatively equal l/24 th fractions. For example, where the daily dose is 
about 2.4 micrograms, the patient would be administered about 0.1 micrograms per hour 
over a 24-hour period. Such a daily pulsatile administration would create a hormonal 
environment in the patient sufficient to maintain pregnancy. The particular 
pharmaceutical preparations may be created by one of skill in the pharmaceutical arts. 
Remington's Pharmaceutical Sciences Remington: The Science and Practice of 
Pharmacy, 19 th edition, Vol. 102, A.R. Gennaro, ed., Mack Publishing co. Easton, 
PA (1995), is specifically incorporated herein by reference for this purpose. 

EXAMPLE IX - NON-MAMMALIAN GnRH ANALOGS AND POST COITAL 
CONTRACEPTION, MENSES-INDUCEMENT 

The present example demonstrates the utility of the present invention for use as 
a post-coital contraceptive preparation. 

By way of example, the analogs defined here, and conservative variants thereof, 
may be formulated into a pharmaceutical^ acceptable preparation, and then administered 
to a female mammal having been inseminated during the prior 24 to 72 hours (prior 1 to 
3 days). Relatively high doses of about 0.1 gram to about 10 grams of the non- 
mammalian GnRH analog would be given daily for 2 to 5 days, on the average about 3 
days. 

To induce menses, it is anticipated that a dose of between 0. 1 grams micrograms 
to 1 0.0 grams for 3 days would be adequate to commence menses in the female mammal. 

For purposes of practicing the present invention as an oligonucleotide in 
molecular biology applications, the non-mammalian GnRH analogs of Chicken II and 
Salmon decapeptide GnRH analog cDNA sequences would be employed. The textbook 
of Sambrook, et al (1989) Molecular Cloning, A Laboratory Manual, 2d Ed., Cold 
Springs Harbor Laboratory, Cold Springs Harbor, MY., is specifically incorporated 
herein by reference for this purpose. By way of example, the cDNA sequence for the 
non-mammalian GnRH of SEQ ID NO: 1 (Chicken II GnRH) or SEQ ID NO:3, (Salmon 
GnRH) may be prepared as part of a suitable vector, such as in an adenovirus or retroviral 
vector, and administered to the animal. Once the sequence is incorporated into the cell, 
the peptide product will be translated and peptide supplied. Because this method of 



WO 01/28576 



PCT/US00/26574 



21 

treatment would not require that the peptide travel in the blood circulation in order to 
reach the site of action, there would be no requirement that the analog possess enzyme 
degradation resistance. This mode of treatment has not thus far been proposed, and hence 
the use of such a method in the regulation of female fertility is a novel clinical regimen. 

The non-mammalian analogs are also contemplated to be useful to directly affect 
the ovary. By way of example, this technique renders the system useful as a 
contraceptive. As a contraceptive, the non-mammalian GnRH analog would be given 
daily from the start of ovulation and continue for 8 days to two weeks, stopping with 
onset of menses. 

EXAMPLE X - ANTIBODIES SPECIFIC FOR 
NON-MAMMALIAN GnRH 

The present example demonstrates the utility for using the present invention non- 
mammalian GnRH analog decapeptides to prepare antibodies that preferentially bind the 
GnRH peptide sequences, or that bind the ovarian, placental or any other non-pituitary 
GnRH peptide or protein. It is anticipated that these non-mammalian GnRH analog 
antibodies may be used in a variety of screening assays. For example, these antibodies 
may be used to determine levels of GnRH are present, in a sample as an indicator 
molecule. The levels of such GnRH may be used to monitor and follow a patient's 
pregnancy, as well as an indicator of the length of gestation. The antibodies to non- 
mammalian GnRH may be monoclonal or polyclonal antibodies. 

Polyclonal antibodies may be created by standard immunization techniques, 
wherein the immunogen used will be the non-mammalian Chicken-II GnRH analog or 
the Salmon GnRH analog decapeptide described herein. These peptides may be used 
either alone or together in a pharmaceutical^ acceptable adjuvant. The animal, such as 
a rabbit, would be administered several doses of the decapeptide preparation, and the 
levels of the animal's antibody blood levels monitored until an acceptable antibody level 
(titer) had been reached. 

For the preparation of monoclonal antibodies, one would follow standard 
techniques for the immunization of an animal, again using the decapeptide non- 
mammalian GnRH peptide. Once sufficiently high acceptable antibodies are reached 
(titer) in the animal, the spleen of the animal would be harvested, and then fused with an 
immortalized cell line, such as a cancer cell line, to produce a population of hybridoma 
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cells. This hybridoma population of cells would then be screened for those that produce 
the highest amount of antibody that specifically bind the non-mammalian GnRH analog 
decapeptide. Such hybridoma cells would be selected, and then cultured. The antibody 
to non-mammalian GnRH would then be collected from the media of the cell culture 
using techniques will known to those of skill in the art. 

For purposes of the practice of preparing polyclonal and monoclonal antibody, 
the textbook Sambrook et al (1989) Molecular Cloning, A Laboratory Manual, 2 nd Ed., 
Cold Springs Harbor Laboratory, Cold Springs Harbor, N.Y., is specifically incorporated 
herein by reference. All of the compositions and methods disclosed and claimed herein 
can be made and executed without undue experimentation in light of the present 
disclosure. While the compositions and methods of this invention have been described 
in terms of preferred embodiments, it will be apparent to those of skill in the art that 
variations maybe applied to the composition, methods and in the steps or in the sequence 
of steps of the method described herein without departing from the concept, spirit and 
scope of the invention. More specifically, it will be apparent that certain agents, who are 
both chemically and physiologically, related, might be substituted for the agents 
described herein while the same or similar results would be achieved. All such similar 
substitutes and modifications apparent to those skilled in the art are deemed to be within 
the spirit, scope and concept of the invention as defined by the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A composition comprising a non-mammalian GnRH decapeptide analog further 
defined as a Chicken II GnRH analog or a Salmon GnRH decapeptide analog, said analog 
being capable of regulating chorionic or ovarian GnRH activity, wherein said analog is 
capable of binding to human chorionic, placental or ovarian GnRH receptors, and is 
active in the presence of a post-proline peptidase inhibitor or an endopeptidases, said 
analog having a D-amino acid substitution at position 6 and an ethylamide, aza-Gly- 
amide or like 

post-proline peptidase inhibitor substitution at position 10. 

2. The composition of claim 1 further defined as a luteolytic agent. 

3. The composition of claim 1 further defined as a contraceptive. 

4. The composition of claim 3 further defined as a post-coital contraceptive. 

5 . The composition of claim 1 wherein the non-mammalian GnRH is further defined 
as Salmon GnRH analog or Chicken II GnRH analog. 

6. The composition of claim 1 when the non-mammalian GnRH analog is further 
defined as: 

D - Arg(6) - Chicken II GnRH - ethylamide; 

D - Arg(6) - Chicken II GnRH - aza-Gly(lO) - amide; 

D - Arg(6) - Salmon GnRH - ethylamide; or 

D - Arg(6) - Salmon GnRH - aza-Gly(lO) - amide. 

7. The composition of claim 6 wherein the non-mammalian GnRH analog is further 

defined as: 

D - Arg(6) - Chicken II GnRH - aza-Gly(lO) - amide; or 
D - Arg(6) - Salmon GnRH - aza-Gly(lO) - amide. 

8. The composition of claim 1 wherein the post-proline peptidase is chorionic 
peptidase- 1. 

9. The composition of claim 7 wherein the non-mammalian GnRH analog is further 
defined as D - Arg(6) - Chicken II GnRH - aza-Gly(lO) - amide having a sequence as 
defined in SEQ ID NO: 2. 

1 0. The composition of claim 5 wherein the non-mammalian GnRH analog is further 
defined as having an amino acid sequence of SEQ ID NO: 2 (p-Glu-His-Trp-Ser-His-D- 
Arg-Trp-Tyr-Pro-a-aza-Gly ,0 -NH 2 ). 
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1 1 . The composition of claim 1 0 when the non-mammalian GnRH analog is further 
defined as Chicken II GnRH having a cDNA sequence of SEQ ID NO.l : (CAG CAC 
TGG TCT CAT GGC TGG TAT CCT GGA). 

12. The composition of claim 5 wherein the non-mammalian GnRH analog is further 
defined having a sequence as defined in SEQ ID NO: 4(p-Glu-His-Trp-Ser-Tyr-D-Arg- 
Trp-Leu-Pro-a-aza-Giy-NH 2 .). 

13. The composition of claim 12 wherein the non-mammalian GnRH analog is 
further defined as Salmon GnRH having a cDN A sequence of SEQ ID NO: 3 (CAG CAC 
TGG TCT TAT GGC TGG CTG CCT GGA). 

14. The composition of claim 1 wherein the non-mammalian GnRH analog if further 
defined as an aza-Gly(10)-amide GnRH analog. 

15. The composition of claim 1 wherein the non-mammalian GnRH analog is further 
defined as comprising a D-Arg, a D-Leucine, D-tBu-serine, or a D-Trp substitution at 
position 6 and an aza-Gly amide or an ethylamide at position 10. 

16. A method of directly enhancing luteolytic activity using a non-mammalian GnRH 
analog comprising: administering to said female mammal a pharmaceutical preparation 
comprising the composition of claim 1. 

17. A method for maintaining pregnancy in a pregnant mammal comprising: 
administering to the pregnant mammal a pharmaceutical preparation comprising the 
composition of claim 1. 

1 8 . The method of claim 1 6 or 1 7 wherein the pharmaceutical preparation comprises 
of D-Arg (6)-Chicken II GnRH-aza-Gly( 1 0) amide or D-Arg (6)-Salmon GnRH-aza-Gly 
(10) amide. 

19. A non-mammalian GnRH analog decapeptide having greater binding affinity for 
ovarian, endometrial, chorionic or placental GnRH receptors than does mammalian 
GnRH, the non-mammalian GnRH analog decapeptide being further defined as resistant 
to post-proline peptidase degradation. 

20. The non-mammalian GnRH analog decapeptide of claim 19 further defined as 
having a sequence of SEQ ID NO: 2 or SEQ ID NO: 4. 

21 . An antibody having specific binding affinity for the non-mammalian GnRH 
analog of claim 10 or claim 12. 
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22. A pharmaceutical preparation suitable for administration to a mammal 
comprising the GnRH analog of claim 10 or claim 12. 

23. The pharmaceutical preparation of claim 22 further defined as an abortifacient. 

24. A method for regulating GnRH levels in a female mammal comprising inhibiting 
5 or stimulating transcription of a gene sequence encoding a non-mammalian GnRH 

analog, said method comprising administering an oligonucleotide capable of binding a 
GnRH-encoding nucleic acid sequence of SEQ ID NO: 1 or SEQ ID NO: 3. 
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